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Th the firet and second parte of the work /I, 27 a detailed theoretical
analysis was canductel of the possidble thermal Cycles of exothermic catalytic
resotioms in & streem. In the thin part /3,47 wns studlet experimentally
the kinetics of thecatalytic oxidation of tsocotans or. various catalysts
woder {sothermic conlitions in the kinstic zcme. The yesults obbainsd permit
is to predist. the oﬂitimm‘m-ofthomue&mcfﬂamurm
the sone of " Zesction” to the zone of "ksterogersous combustion,” and
to werify theose predictions experimuntally.

s of tte ;

The apparetus on which the inweatigation vas conduoted hee been descrited
mmmwmmdmmﬁaz. In stulying the thereal
oyolsd of oxtdation of isocotans, a reaction wvas £illed with a ooppex--
chromium catalyst dspoaitid on asdestoa.
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W 1is volume gpsed of ourzent, : RN

S 18 the srea of the orces seotion of the reaction vessel;
momrvmmmmtm«m@mmmmmmnml.

The special experiments mede showed that upder these coplitions the heat
carried off by the gas cwrrent comstitutes omly an insignificant portion of
the full heat loes. The results of this ssries of experiments are given
in Tebls 1, vhioh shows that the losses of heat with the gag ourrent comstitute
usuelly cnly 5-9 percent of the total heat balance, Thus the baslc heat
loss ie determined by the emtssion of heat through the walls of the reactian

=)

The speed of heat emission can be characterized by the so-called
"time of relaumtion® or "charsoterietic time” te .

During & statfionary cyole, when the incoming heet from the reestion 4 "
Yalanved by the bsat emission outwards, o definite imitiel heating of the
reastion weasel AT 1e sstabliahed, which i proportiomal to the spesd
of heat emission during the yeection Q amd: B

_ AT, '
3-v tﬂ (2)
. . vhare Cgis the speciffc heat of the reactor. o
mamumm,mmemmeusmm'
g:o),mmtmmmgdmawﬁtmuowmtomwm 2
‘ AT=4T,e ~¥e .
. 3
i . Bxpressions (2) and (3) permit ons to determine magnitule te on the
. o muamwmw.mum.wmmmw,mu. :

During heat emfssion through the walls, the charecteristio tiws te, for s
oylinier of redius z, vith the specifie heet of a volums wnit of the substance
of this cylinder (in this case of tho oharge) o mast be squal to:
. .
te = 558 )
vhere oc 4s the eceffiolent of 'sat trenmission outward throngh the walla,
For oiroular tudea of mmall 44 this cceffiolent of heat transmisation

19 usually of the cader of 10 TR .WW‘W‘
Consequently, when r= 1.1 om amd Cg=0.48 o0 - (asbentos)
mw’mmt,wu?zm&ﬂ'fs%. Tnder tDese ’
ooniitions, vhen the heating spirsl on the resction vessel wes not covered
from the outside with a heat insnlator, it vas maturel to expect scmewhat
mwm-aec.mmammmtptc.

" In ths exparimsntal dstermination of magnitule te , war ussd Fomwla |
(3), converted to logaritdmic coordinates: 3 .
loglaT) = log (ATo)— 737 ¢ )
From three thermocouples placed at verious depths in the oharge, the

:
%
§
|
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© ghip (5) 16 fulfilled rather vell in the interval abowe 1000, apd L@ -« it iwinmn v iin i it
t of the spesd of the stresm. withthoimmnot
t0 600°, the magnitude te decreases from 2.5 to 0.5
The data on stationsry initial heating of the reaction
vessel, in mdam with fommds {2), M epproximately to ths sane .
walues for te 232 minutes.

Staty Therme) Cyoles Oxsdation of Iscoctane om Ca of

As the previcus work /3 7 revealed,. the spsed of decreass of the:
igoootans ooncentration in a streem ¢ with tizw is determinad by the oquation:
) -"‘if‘sK(T)c“ (6)
vhere K(1) = Kot %mmdmwmmm,mu
proportional to the comventretion of the oontact om the carrier.
wwmnwmumwumwmamwmhm

umwwmwun
ting; Ty = Tp 1k the |

(8
m‘hmmm-aﬂnwwmmmm(nmum
thee of ecoling (dotted 1ines) under various oonditions for the
fcd of isoooctans on & 10 copper-chiromivm oatalyst, oalonlated

ng. to equations (7) amd (6). The owrwes {8) are not streight, ivammoch
relation of te¢ ﬂnmmummmingma).
[ > meturally wey sharply ddstinguished from one anotder at
mlues of the tewpsvature of heating of the yeaction vessel.
mmdmwammmmmanummuum
cextration of 1s00stans o, in the styeem are also yelated to To . Howeser,
inpamnch as this relationship, which determings the magnituls of the
mmamm 1+ T-T »18 ocaparatively

M,Mmmam :E“ro-w* 80 a8 not to encumber

M-wbms'umh wiun © =z 1.5 percent by volums
intexesotion of ma,mémr,mmum&c,
with ouwrww 7 ooccars st temperstures T that are very close to T, ; that
u,mmmuﬁnm.mmmmﬁ-umum

Yor a sompwhat higher Suitfal mmnotmm,
these oorraiatione are Mnlvhlw!.-koo‘.
m:.:m',mzm practioally touch
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- ghip (5) s fulfilled »
e doomaaas frem 2.5 . .
ta on gtationary initial heating of the resstion
‘vopael, in sosordamde vith fumala (2), leel approximately to the same
values for te 22 minutes.

mﬁmmmmmumwmmmmd

As the grevious work /73 7 rewaled,. the speed of decresse of the- :
1mmwmmmmam2mmtmuhwwmnmum:
v'%-fa'K(T)c"', (6)

where K(7) = Koe "5¥Ua tho ccnstant of spest of the reacticn, which 1a
Troporticnal to the comventration of the contact cn the carrier. The

sposd of in01eass in temperature of the reaction vessel due to the heat
nmmmmmmm,uwammumdmmmmm
mwmmtm«mmmmmmm-m, 2e

.mlto H / > . T )
(&) =EK(T)e3 {1‘ %m%-ﬁ} )

(veo Formnla 2b of the previous work). Hore 3 is the thermal effect of the
reastion; T, i1s whs offective tsmpscatnre ting; Ty, - T 3B the

oonditions ag a result
ons: o

“e T T '
v . ‘ (&I) C gl - (8
mbmmmadmwummmm(»mum
the apeed of ocoling (dotted lines) mier various oomiitions for the
{scootans on & 10 oopper-chromiun ontalyst, ealovlated
. 40 eguations and (8). The curves (8) are not stxmight, inammoh
tesperature mist be taken into acoomnt (Figure 3).

1 -y distingnished from one another at
tbmcf_batzngumwamml.

e curves of the speed of in1tdsl hesting (7) at a given 1nitial oom-

Tation of 1s00otens o, In the stream are also to To . Bowever,

inpsomch as this relaticnship which dsterainds the magnitule of the

WW&\M&& 1. 1T s1s ocuparetively
. =T

ﬁ:‘“.-.;:.‘.," curves axe given rg-“ro% 400°, 80 as not to mm.

As Ty be sean frm *uave &, when o, = 1.5 paroent hr volune, tha
Mo{mﬁ,wﬁagé\m%m‘ih%’c,
ﬂﬁm?mmm!ﬂnﬁmwmw&o;t&t

1s, the rencticn rrooseds with 11ttls inttisl heating sn the kinetio zome. :

For & scmsshat higher initial ocnoeutrution of the fuel, 6 =1.7 peroeat,
4.,m>%cglwm'!,=‘ 300°. At a temperature of
i : ourves ectically touch for this case; consequently
'mm,ﬂmmtmst@mtmwthrmumto ’
thodmmm,amunum, and the congertretion of the
Mtumammummndmwotﬁbm;mu&dtb
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‘peiiction veseel &, Aotually with T = 400 the ‘expariment shows that whien: =~ 7 A G ]
.¢g = 1.7 percant the reaction goes over to the zoos of "heterogsnsous oom~

buwtion®; in orfer to retain the process in the zons of "quiet reeotion” at

i;ﬁmf:luoct'l’o, 1t 1s nsceseary to lower the initia) comcantwation of

‘I 100.

In ¥gure 5 simlar curves are given for a 30 parcent (solid lines)
and a 67 porosnt (Goudble dotted 14nes) copper-chremiwm catalyet om
asbestos. As may be soen fyom thie figure, when ¢, = 1.7 peroent
for a 30 pexcent contact, the trensition of the rwadtiom to the zons of
heterogrneous cowbustion osours at T, = 300°, and for a 67 pexrvent contact,at
a even lowar téaporsture, Actuslly, at a 67 psroent contact vhen o, = 1.7
porosnt the kinetios of the catalytic oxtiation of %soostane were not success-

. fully mesursd whan T, < 250° the speed of the reaction in the kinetic zone
was g0 olight that it appeared frpossible to measmre it, When T, > 250°,
howewsr the resstion fmmediately vent owr to the d1ffustion zone, axd hetero-
genscus octibustion demloped in a narrov laywr meer the entrence to the
rezcticn weessl, study the kinetics of the provess
in the zone of temperatwrms Lrem 300 to 600° , we had to decresse tho ocn-

. osntretion of ipocotane in the gtyweam and the
on the carris.

W‘Mmummmmmwm;cﬁumwhd
remction with inttial heatings oaloulated fiom ths oonddtion of the equality
of epeeds of initial heeting ant cooling:

Ll=gr(ned {i- =2

As & Tuls, theee initisl heatings '.l'-!’;cvog

g o 3 then the deliwery of 1socotams
8 atd the temperature of heating To ws meamued wder the seme
ocnlitions of the experiment, but in the abzenoe of & reactiou. In the last
the welues of inftial heating T-T, , calonlated
for the ssme experiments acconling to eqmation (9), axe given
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A soriee of sxperiments wore conduoted in wiich was memsured experimentally
the curves of “all of temperature with time during a similar ertinstion of the
] reastion for copper-chr-wium contasts of varying activity at varicus temperatures
‘ of hesting of the reaction vessel T, . The data on thess experiments is given
in Figire 6 and Table 3.

In this table for comparimen the theorsticsl values of the absclute speed ) - y
of ocooling (ﬁ s cslenlated ascording to formls (10) were oontrasted. , : S
dt

" As 15 ween, the egreemsnt between the theorstical and experimental veluss of
the magnitude of (5.1) is 3caplotely satiafactory.
t

As vas indicated 1n one of our previcus works /2 7 , the speed of fall
of texperature in a nonstationary cycls of ertimction, with other comditions
equal, 1s detsrmind Ly the motivity of tho comtast K, and decreases with the . .
inorenso of the latter epproximstely accoxrding to the linear law: : S

| FE~r-BK. ) e L

As mey be ssen fram Table 3, *his ocorrelaticn is qualitatively Justified

sxperimentally in o thoroughly satisfactcry manner and the magnitude u(ﬁ:tz_:

may oharacterize the comparative activity of varicus catalysta.

Gonoiosions

1. On the basis cf the theorstical analysis of the thermal oyclee ;
of exothermio catalytic reestions in a streem /I,27/ and the esparimemtal T
study ot the kinetios of the catalytic axidation of isoostane on a oopper- - - ‘ i e
chronium catalyst /3,07, the ocnditions of the transition of this reaction o
from a oyole of " oxidation” to a sycle of "heterogsmeous ocombustion” ‘ .

tion of this reacticn from ene tharmal oyole %o another was .

experimentally achieved at the yredicted thecretical valuoe of the initisl oom-

) in a stream - ¢, , of the effective temperature of heat-

iugctaomunvunlfo,annlcrthuuuwotthooaednt, which is
proporticnal to the sonoentration of ths latter on en asbestos carrier.

3. With o oyole of “"quiet oxidation” in & number of erperiments, the
stationery self-heatings of the reaction were messured and the magnitudes of
these soemsd to 0oinside very satisfaotorily with the values calculated theorcti-
cally acoording to equation (9).

4. In & noustaticoary cycle of "extinstion” of the reaction, tho speeds
um«wu&em( }mmmmmm

wu&mmmmmwmwmumm
(10). Morsover, the idea, zrovicusly empressed /2 /, scnoerning the possi-
bility of the camperetive estimate of the astivity of various catalysts socord-’

tag to the magnitude ﬁ),mmmnmnm,mmm. ‘

5. mmawwmum«um-rmm
conditions may take place in the catalytic industry for strongly exothermio
reactioms. mMmitumwMamm

. to be adle to produce the necessary type of thermal oyole, and to Imow the
777 limits of stable existmnce of this cycle, established in the giver series of

(]

i
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"7 It 18 alwo necessary toqhumthcprhnr: necessity of avolding the
asvalopmnt of & oysle of heterogensous comdmustion in the study of the tempeara~
turs relationdhip of the astivity of catslyste mmmnmmm,
inasmich ap it 1s izpossible, with this gycle, to nreceitve isothermio condt
tions of work of the vhole catalyst understudy.

1. Toles, o.u., Isv. AN S88E, ORRN 1, &7 (1946)

2. Margoiis, L. Ya., ond Todes, O.M,, Itv. AN 888R, OHuN 3, 275 {1946)
3. Margolis, L. Ta., and Todes, O.M., Isv. AN SSSR m( 1947)

k. Mavgolis, L. Ya., and Todes, O.M., DAN 52, 519 (1946

[ppevtes g1gures tollow.]
+ : l
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Length of layer in on

Pigure 1. Equalisation of temparature according to
the layer of contast: ¥ is the uppar thermooouple;
gz i the middle thevmescuplo: i is the lower thermo-

:axple.

Figure 2.. Kinstics of cooling of comtaot at various
speeds of flow of (speed of flow in 1/how} 16
/s 27 L/n; Wb 1/5

-

|

2 tin win

Pigure 3. Relstion of the uharacteristic magnitndo
to the tamperature. :
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Figure k. Relation of the speed of heat incams and heat

eniseion to temparature for & 10 psrsent sopper-chromium

oatalyat. :
Q3

0 200 200 300 %00 306 60 R0 TC

Pigare 5. Relation of the speed of heet iucome and heat
emission to temperatuve for a 3C and 67 psrcent oopper-
chromium catalyst. . .

Figure 6. Relation of tempersture to time for a 10, 30, and
67 persent copperchromium catalyst at varying vulnes: 1-10
peruent contact To = 3009; 2-10 percent con*-ct Tg z 23003
3-10 percexat contect Ty z 160°; h-10 - contact Ty =
100°; 5-10 percent omtact T = 129; 6-30 perveat ocontact Ty
= 20C0; 7-30 peroent comtaoct T, x 150°; 8-30 percent omtact
To = 12%; 9-67 psroent contact Tp » 12°
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